ABSTRACT. Epithelial-like cells from the colorectum of one-day-old newborn rats were immortalized by transfection with the simian virus 40 (SV40) T-antigen gene, and a cell line OUMS-25 was established. The cells were positive for the SV40 T-antigen, and immunoreactive to a colonic epithelial cell monoclonal antibody and a keratin-18 monoclonal antibody. Ultrastructural studies revealed the presence of microvilli on the cell surface and desmosomes between the adjacent cells. Karyotypic analysis showed that OUMS-25 cells were aneuploid. Cloning efficiency of the cells was 0.01% in soft agar. However, the cells were not tumorigenic in the syngeneic newborn rats. The cells were further transformed by transfection with the cloned activated c-Ha-ras oncogene containing a point mutation within codon 61. Characteristics of the activated-c-Ha-ras transfected cells (OUMS-25/RAS) were different in some respects from those of the parent cells . OUMS-25/RAS cells demonstrated more malignant morphology, elevated cloning efficiency in soft agar, and tumorigenicity. This is the first report on the immortalization and malignant transformation of colorectal epithelial-like cells by transfection with a combination of SV40 T-antigen gene and cloned activated c-Ha-ras-oncogene.
In recent years the increased mortality from colorectal cancer is predicted to exceed that from gastric cancer, presently the most deadly form of cancer in Japan, by the year 2000 (30) . Recent studies have revealed that the combination of several genetic changes is associated with colorectal carcinogenesis (13). Cell lines derived from the normal colorectal epithelium will be useful for analyzing these genetic changes in the process of multistep carcinogenesis of the colorectum. Although several cell lines have been established from colon cancer (ll, 33, 34) , they are of limited use for studies on analysis of multistep carcinogenesis of the colorectum. In attempts to culture normal colonic mucosa, two different explant culture methodologies have been applied: 1) a stationary method, in which colonic tissue from a hamster embryo is maintained for up to 3 weeks on human fibrin foam as a matrix (28); and 2) a rocking culture method, in which rat colonic tissue is maintained for at least 28 days (2). These cultures, however, resulted only in short-term maintenance.
Primary monolayer cultures of colonic epithelial cells have increasingly become successful owing to marked
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MATERIALS AND METHODS
Cell preparation from the colorectum. Segments of the large bowel (cecum-rectum) were resected from one-day-old newborn Donryu rats, opened to expose the mucosal surface, and the epithelial sheets were carefully peeled off from the underlying submucosa with a pair of forceps under a dissecting microscope. The epithelial sheets were pooled, cut into small pieces, and incubated in a 0.05% collagenase (Type I, Sigma Chemical Co., St. Louis, MO) solution containing antibiotics (1 mg/ml pentcillin, 500 /^g/ml kanamycin and 1 //g/ml Fungizone) for 1.5 h at room temperature.
Crypts were isolated by pipetting, and washed twice with a basal medium of 1 : 1 mixture of Ham's medium F12 (Nissui Pharmaceutical Co., Tokyo, Japan) and Dulbecco's modified Eagle medium (Nissui), which was supplemented with 6% fetal bovine serum (FBS). The crypts were suspended in a basal medium containing 5% FBS, 30% Hep G2 [a human hepatoblastoma cell line (l)]-conditioned medium and the antibiotics described above, and then inoculated into collagen-coated 60-mmplastic dishes (Corning glass works, Corning, NY). The cultures were maintained at 37°C in a humidified atmosphere of 5% CO2 in air.
T he culture medium was renewed twice a week. Recombinant plasmids. The plasmid used for transfection, pSV3neo, is a pBR322 recombinant containing the SV40 early T antigen-coding region genes including the early region promoter, and the bacterial neomycin phosphotransferase gene which confers resistance to the antibiotic geneticin (G418, a derivative of neomycin) (32). The plasmid, pras à"neo, is also a pBR322 recombinant containing the 6-kilobase Eco RI fragment of the activated c-Ha-rasoncogene cloned from human lung carcinoma, which has a point mutation (conversion of CAG into CTG) at codon 61 in the second exon (38) was then exposed to X-ray film between two intensifying screens at -80°C. Southern blot analysis. Genomic DNA was isolated by the standard methods, cleaved with EcoRl (Toyobo, Tokyo, Japan), resolved by electrophoresis through 0.8% agarose gel, transferred to the nylon membrane, and hybridized to the 32P-labeled c-Ha-ras probe in the presence of 50% formamide at 42°C for 12 h (27). After washing thoroughly, the membrane was exposed to X-ray film between two intensifying screens for seven days at -80°C.
Reverse transcriptase-polymerase chain reaction (RT-PCR).
Randomly primed cDNAs were prepared from 1 pig of total RNA by reverse transcriptase (Toyobo) following PCR amplification by thermal cycler (37). To amplify the sequence of c-Ha-ras exon 2 region including codon 61, the fol- days after transfection, cells were treated with G418 (a derivative of neomycin) at 100 fig/ml for 24 h. We decided upon these conditions, because the rat colorectal cells were very sensitive to cytotoxic effects of the drug at more than 100 //g/ml concentrations.
Twenty-one days after G418 treatment, an epithelial-like cell strain, OUMS-25, was obtained by cloning a colony. OUMS-25 cells grew well, but untransfected colorectal cells did not grow. Under any conditions tested, the survival of primary colorectal cultures never exceeded 2 weeks.
On day 93, OUMS-25 cells were further cotransfected with the plasmid pras-neo containing the cloned activated c-Ha-ras1 oncogene and the plasmid pSV2bsr containing Blasticidin S-resistant gene. From 1 1 days after cotransfection, the cells were treated with Blasticidin S at 1.5-2.0 ptg/ml for 96 hr. On day 118, Blasticidin S-resistant cells (OUMS-25/RAS) were obtained by cloning à" a colony. As shown in Fig. 1 tended to pile up and to detach from the surface of culture dishes (Fig. 2B) . Scanning electron microscopy of OUMS-25 cells showed the presence of microvilli on cell surfaces and in intercellular spaces (Fig. 3A) . OUMS-25 /RAS cells were somewhat round in shape with numerous microvilli (Fig. 3B) . Transmission electron microscopy of OUMS-25 (Fig. 4) and OUMS-25/RAS cells showed that these cells had microvilli on their apical surfaces and desmosomes between cells. In collagen gel culture, both OUMS-25 ( Furthermore, keratin 18 was demonstrated in both OUMS-25 (Fig. 7) and OUMS-25/RAS cells by immunofluorescent staining with a monoclonal antibody CK-5, which reacts specifically with a variety of simple epithelia, e.g., intestine and liver, but does not react with strafified squamous epithelial or non-epithelial cells. In contrast to these findings, the cells did not react Alkaline phosphatase (ALP) activity was measured in OUMS-25 and OUMS-25/RAS cells at the different culture ages (Table  I) To confirm the above mentioned possibility, an attempt was made to determine whether the transfected activated c-Ha-ras oncogene might really be integrated in the host genome and expressed. Southern blot analysis using the c-Ha-rasprobe revealed two additional bands corresponding to the transfected c-Ha-rasin OUMS-25/RAS cells (Fig. 9) . Expression of the integrated activated-c-Ha-ras1 oncogene was analyzed by Northern blot analysis.
Constitutive expression of cHa-ras was observed as a band of 1.4Kb in both . Discrimination between the mRNA transcripts of the endogenous and the transfected c-Ha-rasgenes was impossible, because both transcripts were the same size (1.4 Kb), hence for the analysis of the expression of the integrated activated-c-Ha-ras* mRNA, the RT-PCR method (37) was used. As a result, amplification of the sequence of c-Ha-ras exon 2 including codon 61 was detected as a band of 113 base pairs only in OUMS-25/RAS cells (Fig. 10) . These results indicated that the transfected activated-c-Ha-ras oncogene was integrated in the colorectal cell genomes and expressed, resulting in malignant transformation of the cells.
DISCUSSION
The main purpose of this work was to develop a culture system suitable for investigating the mechanisms of colorectal carcinogenesis.
In this report, we described a novel and highly reproducible in vitro transformation system for epithelial-like cells from the colorectum of newborn rats by introduction of the SV40 T-antigen gene and the cloned activated c-Ha-rasoncogene. We succeeded in isolating colorectal epithelial-like cells by employing a combination of mechanical treatment and collagenase digestion.
The mucosal layer was carefully peeled off from the underlying submucosa using a pair of forceps under a dissecting microscope. This procedure caused little trauma on the epithelial- The undifferentiated phenotype in these cell lines may also be due to their derivat ion from immature colorectal tissue of newborn rats. The development of human colon cancer is potentially supposed to be related to genetic alterations involving tumor supressor genes and oncogenes, such as p53, MCC, APC, DCC (6, 13). Moreover, it has been reported that human colonic neoplasia involved mutational activation of the ras proto oncogenes (5, 14) . In the present study, the activated-c-Ha-ras transfected OUMS-25/RAS cells acquired tumorigenicity, whereas the parent OUMS-25 cells did not. These findings indicate that immortalization alone by the SV40 T-antigen is insufficient to induce tumorigenicity, and that the activated c-Ha-ros oncogene may play an important role in the malignant transfomation of immortalized colorectal epithelial-like cells. However, the v-Ha-rasoncogene alone did not immortalize normal rat colon epithelial cells (23, 24) . Similarly normal human foreskin fibroblasts could not be immortally or neoplastically transformed only by introduction of the EJ gene, a mutant from of c-Ha-ras proto oncogene (26). In addition, Newbold et al. (21) reported that immortalization was prerequisite for neoplastic transformation of hamster fibroblasts by the EJ c-H&-ras oncogene. Taken together, it is likely that at least two processes, immortalization of cells and activation of the c-Ha-ras proto oncogene, are involved in neoplastic transformation of rat colorectal epithelial cells.
